The effects of 3,4-methylenedioxymethamphetamine (MDMA) on nicotinic receptors: intracellular calcium increase, calpain/caspase 3 activation, and functional upregulation.
Previous work by our group demonstrated that homomeric alpha7 nicotinic acetylcholine receptors (nAChR) play a role in the neurotoxicity induced by 3,4-methylenedioxymethamphetamine (MDMA), as well as the binding affinity of this drug to these receptors. Here we studied the effect of MDMA on the activation of nAChR subtypes, the consequent calcium mobilization, and calpain/caspase 3 activation because prolonged Ca(2+) increase could contribute to cytotoxicity. As techniques, we used fluorimetry in Fluo-4-loaded PC12 cells and electrophysiology in Xenopus oocytes. MDMA produced a rapid and sustained increase in calcium without reaching the maximum effect induced by ACh. It also concentration-dependently inhibited the response induced by ACh, nicotine, and the specific alpha7 agonist PNU 282987 with IC(50) values in the low micromolar range. Similarly, MDMA induced inward currents in Xenopus oocytes transfected with human alpha7 but not with alpha4beta2 nAChR and inhibited ACh-induced currents in both receptors in a concentration-dependent manner. The calcium response was inhibited by methyllycaconitine (MLA) and alpha-bungarotoxin but not by dihydro-beta-erythroidine. These results therefore indicate that MDMA acts as a partial agonist on alpha7 nAChRs and as an antagonist on the heteromeric subtypes. Subsequently, calcium-induced Ca(2+) release from the endoplasmic reticulum and entry through voltage-operated calcium channels are also implicated as proved using specific antagonists. In addition, treatment with MDMA for 24 h significantly increased basal Ca(2+) levels and induced an increase in alpha-spectrin breakdown products, which indicates that calpain and caspase 3 were activated. These effects were inhibited by pretreatment with MLA. Moreover, pretreatment with MDMA induced functional upregulation of calcium responses to specific agonists of both heteromeric and alpha7 nAChR. Sustained calcium entry and calpain activation could favor the activation of Ca(2+)-dependent enzymes such as protein kinase C and nitric oxide synthase, which are involved in the generation of ROS and the blockade of the dopamine transporter. This, together with caspase 3 activation, must play a role in MDMA-induced cytotoxicity.